ling's death. In a study of the Pearly-eyed Thrasher (Margarops fuscatus), Arendt (1983) reported that Philornis ectoparasitism, 1 of 7 causes of nestling mortality over a 4-yr period, was responsible for the deaths of 93% of the 224 young that died in the nest.
It has been established that young birds die as a result of dipteran ectoparasitism, but many questions remain unanswered regarding the impact that ectoparasitism has on the growth and development of nestlings. fly ectoparasitism on their growth and development. A total of 18,441 measurements was taken on 5 growth characters (body mass, culmen, ulna, tarsus, and ninth primary) throughout the normal 21-day development period. Each nestling was individually marked at hatching by nail clipping and was measured every 2 days throughout the nestling period. Young were weighed to within 0.1 g with a Pesola scale and measured with dial calipers accurate to 0.01 mm. The culmen was measured from the anterior portion of the nares to its tip. The ulna was measured by bending the wing against the body and folding the manus. The tarsus was measured from the intertarsal joint to the last complete scute. The pinfeathers and exposed shafts of the ninth primary were measured separately. Adult measurements were compared to those of the nestlings. I visited nest boxes every 1-2 days and recorded larvae as they appeared, noting total larval numbers, their positions on nestlings, larval mass, and length of infestation. Life history information of both the parasite and host has been presented previously (Arendt 1983 I defined adjusted body weight as the total body mass of the nestling minus the average weight of the infesting larvae (0.3 g for third-instar larvae, or the maximum weight that an infesting larva could contribute to the total body mass of the nestling).
Variation extremes in growth patterns of normal and parasitized nestlings were determined by step- Table 1 ). One-way classification analysis-of-variance tests were used to compare mean weights, long bones, and feather lengths on each day of the nestling period among the 4 in- To include measurements of young that remained in the nest longer than the normal 21 days, I lengthened the nestling period to 25 days in the growth model (x-axis in Fig. 3 ). Note that even in unparasitized and lightly parasitized nestlings body mass dropped after about 21 days. Young that remained in the nest boxes after the normal nestling period were underweight and underdeveloped in response to botfly ectoparasitism (often single, heavily parasitized nestlings) or as a result of sibling competition (third-and fourth-hatched nestlings with no or few larvae). Body mass in moderately infested nestlings surpassed that of uninfested young at about day 10 (point A in Fig. 5A ) and then roughly paralleled it until fledging, again being influenced, although to a lesser extent, by the biomass of the infesting larvae. In nestlings exposed to light larval infestations, body mass lagged behind that of unparasitized young for most of the nestling period, surpassing it just before fledging (point C in Fig. 5A ). In some cases where larval infestations caused nestling mortality, especially those involving heavily parasitized nestlings, death was preceded by a drop in body mass.
Body mass varied most among categories
Adjusted weight.--Because the added biomass of the infesting larvae greatly biased the resuiting body weights of heavily parasitized [Auk, VoL 102 nestlings, a response surface curve was plotted after subtracting the average maximum weight that an infesting larva could obtain (Fig. 3) . Fig.  3 show that nestlings with up to 80 infesting larvae had lower actual body weights than uninfested young, which is what was observed in the field.
Extreme variation in the weight of young, heavily parasitized nestlings plus prediction bias caused exaggerations at the extremities (points A). However, the blackened areas in
Culmen.--The growth of the culmen appeared unaffected by botfly ectoparasitism (Fig.  3) and thus was not represented in Fig. 5 . It is representative of how normal growth would appear if parasitism had no effect. Although growth diminished as fledging approached, culmen length averaged 11.0 mm, or about 7 mm shorter than its average length (18.0 mm) in adults. Thus, some culmen growth occurs after fledging in this species.
Ulna.--The overall growth of the ulna also appeared little affected by parasitism (Fig. 3) .
The lower-left corner (point A) of the response surface is raised slightly off the axis, indicating that ulna length was longer in young unparasitized nestlings. Growth decreased as fledging approached, the ulna obtaining more than 90% of adult length during the nestling stage. The warping effect at the surface's upper edge (point B) is caused by predicted values beyond the observed data. The ulnas of young nestlings were affected by increasing larval loads, but the overall growth pattern in older young was similar in all infestation categories (Fig.   3). A regression of the average ulna length showed little variation among parasitized young after day 4 (Fig. 5B) . Ulna length was significantly shorter in lightly parasitized young (Table 3) , and growth lagged behind that observed in unparasitized young throughout the nestling period (Fig. 5B) . Ulna length was shortest in heavily parasitized young in the second half of the nestling period.
Tarsus.--The tarsus was the most affected of the long bones (Fig. 4) A regression of the daily average tarsal length showed that its growth was extremely variable in heavily parasitized young, especially within the first week of development (Fig. 5C ). The fit of the regression curve is poor for the first few days in heavily parasitized young, showing fictitious tarsal lengths twice as long as normal. Afterwards, growth more closely approximated that of tarsi in other categories. Analyses of the regression curves (Fig. 5C) A second-order regression of the daily average increase in the length of the ninth primary (combined pinfeather and exposed shaft) in parasitized nestlings showed that growth was most affected during the first 1.5 weeks of development (Fig. 5D) , as was the case in the other five growth characters. In unparasitized nestlings the ninth primary pinfeather emerged on day 3. Among parasitized nestlings it often did not appear for another 3-5 days, depending on the extent of infestation. No significant differences in the daily mean lengths of ninth primary among moderately and heavily parasitized young were detected (Table 3) . When compared to unparasitized nestlings, the apparent greater length of the ninth primary throughout most of the nestling stage in nestlings with 1-30 larvae is the result of a poor fit of the regression curve during the first 1.5 weeks of development. Rapid growth following emergence of the ninth primary in heavily parasitized nestlings resulted in overall feather lengths that were similar (although somewhat shorter) to those in the unparasitized and moderately parasitized groups during the latter half of the nestling period (Fig. 5D) .
Second-order regression analyses showed significant differences (t• = 0.05) between the growth rates of unparasitized and lightly parasitized nestlings more frequently than between unparasitized vs. moderately and heavily parasitized young. This is contrary to what was expected. However, growth in moderately and heavily infested nestlings varied greatly (notably within the first 1.5 weeks), making it much more difficult to fit a representative curve to the data (Table 4) Other factors make weight a questionable measure. In the study area nestling thrashers were fed a variety of large-seeded fruits from which they dissolved the pulpy pericarp and eventually regurgitated the naked seed pit.
Nestlings were weighed early in the morning before much feeding had occurred, but the adults began feeding nestlings before dawn. Often a suspected heavy nestling would discard one or two tabonuco (Dacryodes excelsa) seeds, each the size of a small walnut, while others might produce 2-3 sierra palm (Prestoea montana) seeds the size of small marbles. Besides the large-seeded fruits, during handling nestlings would regurgitate pellets containing skeletal fragments of tree frogs and lizards. All of these food items affected total body weight.
From this study it is evident that body mass may not always be an accurate measurement of growth. Therefore, comparative growth studies, especially those concerned with the influ- 
